The aim of the study was to assess plasma concentration of catecholamines and asymmetric dimethyl arginine levels and a possible relationship to predict the mortality rates among hemodialysis patients. The study population comprised 27 subjects, aged 65-70 years. Each patient underwent dialysis thrice a week. Furthermore, the median duration of hemodialysis was 3.5 years. Based on the conducted research, it can be concluded that the concentrations of adrenaline and the level of asymmetric dimethylarginine have predictive value of mortality among hemodialysis patients. Of note, lowering plasma asymmetric dimethylarginine concentration may represent therapeutic target for prevention of progressive renal damage.
INTRODUCTION
Despite progress in medical care, there is still a problem of high mortality in patients on dialysis. The major cause of death in hemodialysis (HD) patients is cardiovascular disease. It constitutes 53% causes of death [1, 7, 22, 29] . In addition to traditional risk factors for cardiovascular disease like hypertension, diabetes, lipid disorders, volume overload of the circulatory system associated not only with renal failure (RF), but also with the presence of arteriovenous anastomosis and rapid changes in blood volume during HD, chronic systemic inflammation, accumulation of uremic toxins and disorders of calcium and phosphate are responsible. Most patients starting dialysis are hypertensive, suggesting that blood pressure (BP) control is an important target to reduce cardiovascular mortality [23] . Furthermore, the increased sympathetic nerve activity at least in part can explain the raised in plasma catecholamines (CA) observed in chronic kidney diseases. The elevated levels of CA in end-stage renal disease (ESRD) patients are the results of the inhibition of nitric oxide (NO) followed by increased angiotensin II and increases in sympathetic afferent outflow from diseased kidney but also of reduced CA clearance. Raised sympathetic activity and alterations in nitric oxide synthesis attributable to accumulation of the endogenous nitric oxide synthesis inhibitor asymmetric dimethyloarginine (ADMA) is now recognized as an important mechanism involved in cardiovascular complication [28] . NO is a prominent compound in the heart and its vasculature and plays an intriguing role in the physiology of this organ. In the coronary vasculature, NO is involved in vasodilatation, down regulation of cellular adhesion molecules, inhibition of platelet aggregation, vascular proliferation, and angiogenesis. It is very important to study the role of arginine in this type of patient, since nitric oxide synthase (NOS) activity in kidney failure is determined by arginine concentration [19] , the key role of the kidney in the production of the NO precursor making renal patients prone to NO deficiency [2] . Several studies have found that the plasma levels of ADMA in healthy subjects with no apparent cardiovascular disease are related to age, BP, insulin resistance, and carotid intimamedia thickness [18, 27] . These findings suggest that an increase in ADMA levels is a marker for arteriosclerotic changes. For this reason, ADMA levels have been used for assessing cardiovascular risk [26, 28, 31] . It is worth noting that ADMA levels are elevated in patients with early phases of renal disease, even before glomerular filtration significant reduction [11] . This suggests that only a very small fraction of circulating ADMA is excreted through urine, although it is negatively correlated with Glomerular Filtration Rate (GFR); [28, 31] .
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The aim of the study was to assess plasma concentration of CA and ADMA levels and possible relationship between them to predict the values of mortality among HD patients.
METHODS
The study population comprised 27 subjects, aged 65-70 years. Each patient underwent dialysis thrice per week. Furthermore, the median duration of HD was 3.5 years. Plasma concentration of CA were measured prior HD by high performance liquid chromatography with electrochemical detection (HPLC-ED). Plasma ADMA was measured by commercially available enzyme linked immunoassay (DLD Diagnostika GmbH, Hamburg, Germany). All statistical analyses were performed using the Statistica 10.0 software. In order to investigate the diagnostic value of ADMA and plasma CA were plotted Receiver Operating Characteristic (ROC) curve and the area under the curve (AUC) was calculated to describe the capability of the markers to discriminate between dead and live HD patients during 55 months observation. Survival curves were estimated by the Kaplan-Meier product-limit method. A P-value < 0.05 was considered to be statistically significant.
RESULTS
The main clinical characteristics of patients included in the study are detailed in Table 1 . During follow-up period (55 months), 27 patients died due to cardiovascular complication (sudden cardiac arrest and sudden cardiac death, cardiomyopathy, increased cardiac electrical instability). Mean level of ADMA was 0.59 ± 0.44 µmol/l, noradrenalin was 741.8 ± 461 pg/ml, adrenaline was 82.36 ± 19.96 pg/ml, dopamine was 48.94 ± 23.8 pg/ml. We demonstrated Spearman rang correlation between ADMA and CA in Table 2 . There was a positive correlation between ADMA and adrenaline (R=45; P=0.01); (Fig.1), (Fig.2) . Kaplan-Meier curve analyses of 110 subjects showed that event-free survival curves among HD patients indicated 25% of the deceased in the first 13 months of HD therapy (the first 13 months of HD therapy is a critical period for the patient). Fifty percent of the dead survive longer than 55 months HD therapy (log rank= 7.21; P=0.004); (Fig.3) .
DISCUSSION
Approximately 50% of the deaths in patients with chronic RF can be attributed to cardiac events.This rate is 5-20 times higher in these patients than the one observed in the general population [3, 9, 10, 14] . Regardless of the mechanism underlying their association, it seems important to study the interaction between CA and ADMA levels with respect to the high mortality and cardiovascular morbidity rates for patients with ESRD.
Of note, an analysis of interaction in predicting death and cardiovascular outcomes may provide useful clues from an understanding of these mechanisms.
In this study, the relationships between the ADMA and CA as well as CRP were examined among HD patients. It is worth noting that studies have reported a relationship between elevated ADMA and CA concentrations. There are many possible explanations for this relationship but it has still been unclear. However, our data is consistent with a recent study by Mallamaci and co-workers [16] which suggests that impairment in NO synthesis by ADMA may augment noradrenaline release. This hypothesis would be in line with the results of studies confirming that NO inhibited noradrenaline release from rat cardiac sympathetic nerve endings [24] . On the other hand, several authors have reported a direct relationship between high BP and ADMA levels [8, 30] . It should, however, be taken into account that the increased sympathetic tone may lead to elevation of plasma ADMA concentrations. Therefore, it is quite possible that these two factors are likely to be involved in the same causal pathway leading to death and cardiovascular events. Another possible explanation would be that ADMA accumulation in patients with chronic RF [12, 28] , inhibits the activity of NOS, which may explain, at least to some extent, the high BP and endothelial dysfunction seen in these patients [2] . These factors contribute to endothelial dysfunction, cardiovascular risk and the progression of renal damage.
In the present study, a correlation between ADMA and CA levels was observed in HD patients. Furthermore, we calculated diagnostic sensitivity and specificity of ADMA and CA concentration for cut-off value 26.27 pg/ml, which are 89.78% and 95.5%, respectively. So far, there have been very few studies on ADMA and CA levels. These results of the first studies conducted in HD were really surprising. ADMA might have functional impact on CA concentration being associated with enhanced system, generation of reactive oxygen species, as well as putatively attributable to inhibition of diethyldiaminohydrolase. This apparent discrepancy may reflect differences in the acute and chronic effects of ADMA. In accordance with medical literature, continuous ADMA infusion caused a decrease in renal perfusion and an increase in reno-vascular resistance at doses that failed to affect BP, renin-angiotensin and sympathetic system [13, 25] . Moreover, it has been shown that ADMA is an independent predictor of progression to the ESRD and death in patients with chronic kidney disease [5, 15, 21] . Indeed, the initial high blood levels of this substance are associated with the future development of adverse cardiovascular events and cardiac death [6] . What is interesting to note, our results might have practical implications, because they suggest that an increase in ADMA levels is a marker of cardiovascular events and in particular is correlated with adrenaline level, having predictive value of mortality among HD patients. For this reason, adrenaline levels might have been used for assessing cardiovascular events in the studied population. Despite the fact that it is not yet clear if it is a progression marker of cardiovascular events. Nevertheless, prospective studies are needed to better elucidate the role of adrenaline in the above observations.
In our study, the majority of patients had hypoalbuminemia. Hypoalbuminemia may be due to albuminuria and/or nutritional deficiency, which may lead to malnutrition, infection and atherosclerosis and predispose to cardiovascular events in chronic kidney disease. Moreover, inflammation in ESRD patients is a multi-factorial problem. Both dialysis-related and dialysis-independent factors may promote inflammation by stimulating the synthesis and/or release of several pro-inflammatory cytokines like CRP, IL-1, IL-6, Tumor Necrosis Factor (TNF-α); [28] . Circulating levels of CRP were directly and significantly related to ADMA, indicating that inflammation and endothelial dysfunction are parallel processes in ESRD. Thus, event-free survival curves among HD patients indicated 25% of the deceased in the first 13 months of HD therapy. Given the pathophysiologic links between these factors, these findings suggest that inflammation may lead to expression of inducible NOS. Although various vasoactive factors and cytokines have been shown to have a role in endothelial dysfunction and capillary loss due to reduced production and/or impaired function of NO, they are considered to be the key components that could cause progression of renal injury [17] . In particular, inflammatory reactions in tubulointerstitium, could promote the scarring and fibrotic processes in the damaged kidney. Elevated CRP is another predictor for morbidity and mortality in renal and cardiovascular disease [32] . This acute-phase is widely considered as a marker of underlying inflammatory processes in ESRD [4] , and it is associated with carotid artery intima-media thickness [33] . Furthermore, in patients with initially normal intima-media thickness, ADMA and CRP are interacting factors in the progression of carotid intimal lesions [32] . In fact, it has been confirmed that the predictive cardiovascular value of ADMA is similar to that of B-type natriuretic peptide and CRP [20] . This data supports the hypothesis that accumulation of endogenous inhibitor of NOS is an important risk factor for cardiovascular disease in chronic RF and suggests a possible link between ADMA and inflammation [32] . These findings are in line with the results of longitudinal study by our group [32] .
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CONCLUSIONS
Based on the conducted research, it can be concluded that the concentrations of adrenaline and ADMA level have a predictive value of mortality among HD patients. Of note, lowering plasma ADMA concentration may represent therapeutic target for prevention of progressive renal damage.
